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ABSTRACT 

Measurements  were  made  of  the  stability  of  time  transfer  by  the 
IRIG-B  code,  over  a  dedicated  telephone  link  on  Hydro-Quebec's  micro- 
wave  system.  The  short-and  long-term  Allan  Variance  was  measured  on 
both  types  of  microwave  system  used  by  Hydro-Quebec,  one  of  which  is 
synchronized,  the  other  having  free  local  oscillators.  The  results 
promise  a  time  transfer  accuracy  of  10  ps.  The  paper  also  describes 
a  prototype  slave  clock  designed  to  detect  interference  in  the  IRIG-B 
code  to  ensure  local  time  is  kept  during  such  interference. 

1 •  INTRODUCTION 

Hydro-Quebec's  requirements  with  regard  to  time  dissemination  cover 
a  wide  range.  ^  As  far  as  voltage  phase  angle  measurements  are  concern¬ 
ed,  it  calls  for  an  accuracy  of  10  ps  on  a  round-the-clock  basis,  365 
days  a  year.  The  GOES  system  used  for  this  purpose  to  date  has  yielded 

unsatisfactory  results  and  Hydro-Quebec  is  therefore  exploring  the  pos- 

2 

sibility  now  of  making  maximum  use  of  the  IRIG-B  system. 

This  paper  presents  the  results  of  measurements  performed  at  two 
points  on  the  Quebec,  utility's  power  system  and  describes  the  measu¬ 
rement  and  calculation  techniques.  The  operating  principles  of  the 
slave  clock  to  be  used  for  detection  purposes  are  also  described. 
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HVDRO-QUEBEO  MICROWAVE  NETWORK 
SIMPLIFIED  DIAORAM 


Figure  1. 

2.  STABILITY  MEASUREMENTS 

2 . 1  Hydro-Quebec  microwave  system 

Hydro-Quebec's  microwave  system,  illustrated  In  Fig.  1,  comprises 
two  main  branches  basically:  Montreal-Churchill  Falls  Via  Arnaud  sub¬ 
station,  and  Montreal-LG2.  The  former,  i.e.  the  Montreal-Churchill- 
Falls  branch  is  the  synchronized  type.  A  pilot  is  transmitted  from 
Montreal  and  used  at  the  various  substations  to  phase-lock  the  local 
oscillators  of  the  multiplexer.  The  Montreal-LG2  branch,  on  the  other 
hand,  is  the  f ree-oscillator  type  in  which  the  pilot  serves  only  to 
generate  alarms  when  the  frequency  error  exceeds  a  given  limit. 
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In  practice,  the  synchronized  system  provides  a  guarantee  that  the 
frequency  of  the  multiplexer  input  and  output  signals  will  be.  identical 
except  in  the  case  of  loss  of  synchronization.  Furthermore  the  phase 
between  the  input  and  output  signals  increases  or  decreases  stepwise, 
whenever  a  momentary  loss  of  synchronization  occurs. 

The  nonsynchronized  system  can  introduce,  a  maximum  error  of  1  Hz 
in  the  transmitted,  signal,  which  would  therefore  be.  1000  Hz  at  the  input 
and  1001  Hz  at  the  output.  However,  in  practice^  this  error  is  more  like 
0.1  IIz,  which  results  in  a  smooth  phase,  drift. 

These  characteristics  of  Hydro-Quebec '  s  microwave,  systems  mean 
that  a  corrector  has  to  be  used  in  order  to  rebuild  a  usable  IRIG-B 
signal.  Tests  were  therefore,  conducted  on  both  types  of  multiplexer  to 
study  their  performance.  For  this  purpose  we.  used  an  IRIG-B  code  ori¬ 
ginating  in  Montreal  from  a  rubidium  frequency  standard  HP  5065-Z. 
Measurements  were  made  on  the  IRIG-B  code  received  and  corrected  at 
LG-2  and  at  Arnaud  substation. 

2 . 2  Test  setup 

In  the  test  setup  at  Arnaud  Substation  (Fig.  2)  we  used  a  time 
code  reader  and  a  synchronized  generator  (Datum  9390).  A  clock,  with  a 
quartz  oscillator  was  used  while  an  Interval  counter  and  a  strip  chart 
recorder  served  to  measure,  the  accumulated  line  error  between  the  two 
times  scales  (IRIG-B  and  crystal  oscillator) . 

At  LG2  (Fig.  3)  we  used  our  mobile  clock"'"  with  a  rubidium  standard 
as  reference  (FRKH  EFFATOM) .  This  unit  comprises  the  IRIG-B  decoder, 
the  corrector  and  the  interval  counter  together  with  a  separate  re¬ 
corder. 
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For  the.  short-term  measurements  (Fig,  4)  a  computing  counter  HP 
9360A,  a  band  pass  filter  (Q=4  at  1000  Hz)  and  a  Schmitt  trigger  were 
used. 

2 . 3  Experimental  results 


Typical  curves  obtained  are  presented  in  Fig.  5.  Some  synchroni¬ 
zation  losses  were  observed  at  Arnaud  (Fig..  6).  The  accumulated  time 

3 

error  values  obtained  were  digitized.  The  following  equation  served 
to  calculate  the  frequency  stability: 

°  (O  =  JjV —  [4Ux(t)  -  (2t )  ] 

where  Ux  (x)  =  <[x(t)  -  x(t+t)]2> 

x(t)  =  variations  in  the  time  scale  due  to  random 
frequency  variations. 

Two  such  curves  were  obtained,  one  at  Arnaud,  the  other  at  LG2.  The 
LG2  curve  (Fig.  7)  shows  a  long-term  stability  limit  as  well  as  the 
combined  effect  of  the  two  rubidium  references  (master  and  mobile 
clocks) .  This  explains  the  series  of  points  above  the  typical  fre¬ 
quency  stability  curve  of  a  rubidium  frequency  standard.  The  circles 
indicate  the  short-term  measurements  made  at  IREQ.  The  curve  for  Arnaud 
(Fig.  8)  shows  the  long-term  frequency  stability  limits  of  the  reference 
clock . 

It  is  clear  from  these  curves  that  a  10-ps  transfer  time  is  possi¬ 
ble,  although  this  remains  to  be  confirmed  by  longer-term  discrete  mea¬ 
surements  (over  months).  In  Figs.  9  and  10  we  plotted  the  stability 
frequency  curve  in  the  case  of  a  minor  synchronization  loss  and  it  can 
be  seen  that  already  the  stability  has  dropped  one  order  of  magnitude. 
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FRACT I OMAl  FREQUENCY  STABILITY  OF  THE 
IRIO  B  CODE  RECEIVED  AT  ARNAUD 
IN  RRESENCE  OF  NOISE 


Figure  10 
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However,  this  can  be  put  to  good  use,  as  will  be  explained  in  the  next 
section. 

The  curves  presented  in  Figs.  6  and  9  show  that  a  conventional 
slave  clock  tracks  the  input-signal  drift  with  a  relatively  short  time 
constant  (~  5  min  or  less) .  This  is  indispensable  because  the  IRIG-B 
code  reader  must  be  sufficiently  agile  to  follow  the  input  signal; 
otherwise  it  risks  losing  the  signal  and  will  have  to  begin  sweeping 
to  relocate  it.  The  coupled  generator  therefore  has  to  follow  the  read¬ 
er  .  We  are  now  in  the  process  of  developing  a  unit  in  which  the  read¬ 
er  and  the  generator  are  controlled  separately  by  the.  same  micropro¬ 
cessor  . 

Figure  11  presents  a  block  diagram,  of  the  prototype  slave  clock. 
The  time,  code  reader  tracks  the  input  code,  eliminating  the.  short-term 
noise  (up  to  a  few  tens  of  seconds).  The  programmable  divider  A  drives 
the  time  code  reader. 

On  the  other  side  we  have  a  separate  generator,  which  is  corrected 
with  another  programmable  counter  B,  and  a  unit  for  measuring  the  time 
difference,  between  the  reader  and  the.  generator. 

This  approach  enables  us  to  maintain  a  relatively  short  time  cons¬ 
tant  (a  few  tens  of  seconds)  for  the  reader,  and  consequently  keep  a 
check  on  any  code  drift  while  c.heck.i ng  its  consistency,  without  needing 
to  shift  the  generator  in  time.  The  generator  can  in  fact  be  corrected 
with  a  time  constant  of  between  a  few  hours  and  over  one  day  if  we  use 
a  rubidium  standard. 

Furthermore  we  can  make  note  of  corrections  to  the  divider  B  so 
that  we  have  an  idea  of  the  drift  of  the  frequency  standard,  which  can 
be  systematically  corrected  whenever  the  input  signal  disappears.  In 
this  case  we  have  a  zero  offset  frequency  equivalent  at  the  outset.  If 
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a  rubidium  frequency  standard  is  used,  the  corrections  can  be  transmit¬ 
ted,  thus  providing  an  excellent  means  of  remotely  studying  the  clock 
performance  without  having  to  add  an  outside  reference  clock. 

Furthermore,  the  AT  interval  counter  allows  us  to  calculate  the 
stability  of  the  IRTG-B  code  as  received  and  read,  thus  providing  a 
reliable  means  of  knowing  whether  or  not  we  are  in  the  presence  of 
noise  so  as  to  ignore  the  input  in  the  generator  correction  process. 
This  approach  is  far  more  sensitive  than  the  method  presently  employed, 
which  consists  in  checking  whether  or  not  the  input  signal  is  present. 
A  photograph  of  the  prototype  clock  is  shown  in  Fig.  12. 


SLAVE  CLOCK  PROTOTYPE 
Figure  12 
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CONCLUSION 


In  this  paper  we  have  examined  the  stability  of  a  time  code  dis¬ 
seminated  on  a  microwave  system.  The  measurements  obtained  reveal  a 
possibility  of  time  transfer  with  an  accuracy  of  10  ps.  The  new  pro¬ 
totype  slave  clock  used  should  allow  us  to  give  a  reliable  time  code 
despite  interference  in  the  microwave  network  by  calculating  the  fre¬ 
quency  stability  of  the  signal  received.  This  unit  will  also  allow 
remote  transmission  of  corrections  to  the  generator  and  thus  provides 
a  possible  means  of  control  and  measurement. 
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QUESTIONS  AND  ANSWERS 


DR.  WINKLER: 

Thank  you.  I  have  a  question  concerning  your  filter.  It  is  clear 
from  the  last  slide  that  you  reject  time  code  information  for  your 
phase  lock  loop  if  the  time  limit  exceeds  a  certain  limit;  is  that 
correct?  Or,  do  you  reject  the  time  code  input  if  it  is  inconsis¬ 
tent  over  a  couple  of  seconds. 

There  are  two  different  methods,  and  I  was  wondering  whether 
you  have  some  kind  of  an  algorithm  to  make  the  decision? 

DR.  MISSOUT: 

Okay.  The  first  thing  to  check  is  if  the  second  of  the  time  card 
follow  them.  That  is,  if  you  have  31,  and  so  on,  but  also,  you 
have  to  check  if  there  is  some  noise  because  in  some  cases,  you  have 
a  slight  drift  in  the  code.  You  still  have  consistency  on  the  date, 
but  actually  we  are  not  about  to  detect  the  slight  drift.  So,  we 
try  to  make  measurement  of  the  Allan  variance  of  the  received  sig¬ 
nal  and  put  some  level  over  which  we  decide  that  the  signal  is  too 
noisy  to  change  output. 

DR.  WINKLER: 

But  that  is  exactly  my  question  because  you  assume  a  White  or  Gaus¬ 
sian  distribution,  and  these  errors  are  definitely  not  Gaussian 
distributed.  Any  time  you  have  a  digital  data  transmission,  your 
errors  are  completely  non-Gaussian ,  as  non-Gaussian  as  you  can  be, 
and,  therefore,  if  you  don't  take  that  into  account  the  algorithms 
are  completely  wrong  and  very  inefficient. 

So,  my  question  is:  What  is  the  rejection  criteria?  What  is 
the  algorithm  to  reject  noise  in  the  phase  lock  loop? 

DR.  MISSOUT: 

Okay.  The  fact  is  it's  not  clearly  digital  transmission.  The  prob¬ 
lem  is  due  to  loss  of  synchronism  in  the  micro  system;  so,  what  you 
observe  at  the  time  is  a  quick  change  of  the  time  transfer  in  be¬ 
tween  the  input  and  the  output.  So,  the  only  means  I  see  to  measure 
the  Allan  variance,  is  by  taking  samples  and  if  the  value  is  too 
high,  you  will  reject  the  input  value. 
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